The coal of Khoot deposit have been investigated and determined the technical characteristics, elemental and petrographical maceral compositions. On the basis of proximate, ultimate, petrographic and IR analysis results have been confirmed that the Khoot coal is a sub-bituminous coal. The hard residue after pyrolysis have been activated by heated water steam and determined the iodine and methylene blue adsorption of initial coal and activated carbon samples from pyrolysis hard residue. The porosity structure of initial coal, activated carbon of pyrolysis hard residue and hard residue after thermolysis (thermal dissolution) have been determined by SEM analysis. The liquid tar product of thermolysis of Khoot coal was investigated by FTIR, 13 C and 1 H NMR spectrometric analysis. The results of thermolysis of Khoot coal in tetralin with constant mass ratio between coal and tetralin (1:1.8) at 450 o C show that 60.8% of liquid product can be obtained after thermolysis of the coal organic mass.
INTRODUCTION
Coal is one of the most important energy sources, especially for power generation and the global coal demand is projected to grow further in the next years [1] . Apart from coal as primary energy fuel, different products such as metallurgical coke, coal tar, synthetic gases can be derived and manufactured from coal, which represent an important feedstock for chemical industry. Compared to oil and natural gas, coal resources are more evenly distributed worldwide and often readily accessible e.g. by surface mining. Because of instability of the world oil market, the diversification of energy carriers is practically implemented in many countries with involvement of various non traditional types of organic raw materials, primarily, coal, whose reserves are much greater than oil and gas reserves [1] . Mongolia is a country which lacks large oil resources but is relative rich in coal resources. Mongolia has estimated coal reserves of 2.5 Gt and estimated resources totalling more than 160 Gt. Most of Mongolia's coal resources is low-rank brown coal, which is undeveloped due to a lack of infrastructure. Such resources include the huge Tavantolgoi deposit in the South Gobi, which contains over 6.4 Gt of high quality hard coal and coking coal, but lies more than 400 km from the nearest railway. Coal reserves mostly occur in a large brown coal basin (Jurassic origin) located in the central economic region of Mongolia, which contains the Baganuur, Ovdogkhudag, Aduunchuluun, Tevshiingovi, Khoot, Tsaidamnuur and Shiveeovoo deposits [2] . The most important features of these deposits are accessibility by opencast mining and easy transportation using the nearby railway. In Mongolia coal is currently the main energy source for thermal power plants and local boiler houses and there is almost no other form of large-scale coal utilization industry [3] . Presently, almost all of Mongolia's hard coal production (27 Mt in 2011) is exported by trucks from the South Gobi to China. Coal samples from the Tavantolgoi deposit have been assessed for benefication [4] and coke production [5] , samples from Baganuur, Bayanteeg and Shiveeovoo deposits for pyrolysis [6] , hydrogenation [7] and gasification [8, 9] . Also samples from Ovdogkhudag and Aduunchuluun deposits have been assessed for their liquefaction potential using facilities in Japan [10] . However, coal of Khoot deposits has not been investigated. At present time Mongolian government pays much more attention to the future development of coal processing industries such as coal benefication, coking, semicoking, gasification and liquefaction. Several small scale semicoking factories in Ulaanbaatar and in Darkhan are already established for production of smokeless fuel. The Energy Resourses Company built a middle-scale coal washing factory in South Gobi and the Mongolian government is planning to establish a coking factory in the framework of Sainshand industrial park. MAK company is building a coal liquefaction factory that will utilize coal from the Aduunchuluun deposit. The conversion of coal into oil and gas is a major issue in the country, which will affect the national safety and the economic sustainable development. Therefore more detailed investigations of above mentioned most important coal deposits by using of modern instrumental analysis such as petrographic and different pyrolytic experimental methods is very important for the future development of coal processing industries in Mongolia. For this reason the coal of Khoot deposit has been chosen for the first time detailed investigation on thermal processing including pyrolysis and thermal dissolution (thermolysis), characterization of obtained solid (hard residue) and liquid products. [11] . Vitrinite reflectance was measured using an Axio Imager M2m microscope (Zeiss, Germany) and Fossil software (Hilgers, Germany) on 50 individual vitrinitemacerals in random mode. In addition, fluorescence microscopy was used for rapid qualitative information on maturity and organofacies. Resedimented vitrinite particles are characterized by higher reflectivity than autochthonous vitrinite. Usually, only the vitrinite population with the lowest reflectance values is measured and reported. Maceral group analysis was performed using the same microscope and software by point counting of 500 individual macerals. The pyrolysis experiments of coal samples were performed in a laboratory vertical cylindrical retort made by stainless steel which could contain 1000 g of sample. The retort was placed in an electric furnace (model SNOL) with a maximum temperature of 950 o C. A chrome-alumel thermocouple was immersed in the coal bed to measure the actual heating temperature and an equipment for temperature control (potentiometer). The retort was connected with a aircooled iron tube and water-cooled laboratory glass condenser and a collection vessel for the condensate of liquid product (pitch and pyrolysis water). The noncondensable gases after water-cooled condenser were left the system through a thin glass tube. The experiments were carried out to 900°C temperature and the heating rate was 20°C min -1 . The yields of products including solid residue (coal char), tar and pyrolysis water determined by weighing, and the yield of gases by difference. The thermolysis of coal samples was carried out in a stainless steel autoclave using tetralin as a hydrogen donor solvent. Prior to the treatment coal samples were air dried for 24 h, powdered to a particle size < 0.2 mm. Then 1 g coal sample was mixed with 1.8 g tetralin (mass ratio 1:1.8), sealed in the autoclave and heated in a laboratory furnace for 2 h to temperatures of 350°C, 400°C, and 450°C. After completion of each experiment, the autoclave was cooled to room temperature and all uncondensed gas and resulting liquid products were removed, filtered, and the solid residue from the filter was subjected to sequential extraction with chloroform in a Soxhlet apparatus. An extract of liquid products of thermolysis of coal in tetralin was distilled by a laboratory rotary evaporation apparatus for complete removing of chloroform. The degree of coal conversion was determined from the loss of the coal organic matter (COM) after extraction and also change in the ash contents of the initial coal samples and the insoluble residue. The yields of pyrolysis products including solid residue (coal char), tar (condensed liquid product) and pyrolysis water were determined by weighing, and the yield of gases calculated by difference. The pyrolized coal samples (10 -15 g) have been replaced in quarts tube and flowed with nitrogen to remove the oxygen and heated until 800°C and processed (activated) with heated water steam for 120 minutes. The iodine number (%), is defined as the number of milligrams of iodine adsorbed from an agueous solution by 1 g of activated carbon when the iodine concentration of the residual filtrate is 0.02N. Granular activated carbon is pulverized (<0.1 mm) and then dried at 150°C to constant weight. Depending on the activity of the carbon, weigh 1g of the dried carbon, and transfer the weighed sample to a dry, glass stoppered 250 ml flask then add by pipette 50 ml of 0.10 N iodine solution. Stopper the flask immediately and shake it vigourously for 30 seconds. Filter by gravity through a filter paper immediately after the 30 seconds shaking period. Stir the filtrate in the breaker with a glass rod and pipette 50 ml into a 250 ml flask. Titrate the 50 ml sample with 0.10 N sodium thiosulphate solution until the yellow colour has almost disappeared. Add about 1 ml of starch solution and continue titration until the blue indicator colour just disappears. Record the volume of sodium thiosulphate solution used. To calculate the iodine number X of the carbon using the equation: C-NMR spectra were obtained with a BRUKER AVIII 600 MHz spectrometer. The sample (20 mg for 1H, 80 mg for 13C) were dissolved in deuterochloroform withchloroform as an internal standard. Chemical shifts are reported in ppm (δ).
RESULTS AND DISCUSSION
The results of ultimate, proximate and organic petrographic analysis of coal samples from Khoot deposit are shown in Table 1 . Results of proximate and ultimate analysis indicate that coal from Khoot deposit is a which is vitrinite-rich and has low ash and sulphur content. According to the ASTM D-388 classification it is of sub-bituminous coal. For the characterization of coal of Khoot deposit have been carried out IR analysis of coal samples (Figure 1 ). In the IR spectra of Khoot (Figure 1) Figure 2 and the maceral group (vitrinite, inertinite and liptinite) composition is given in Table 2 . The vitrinites are grey coloured fragments with different sizes and the inertinitesare white coloured stripes in white-black photograph (Figure 2 A) . The maceral group composition in Table 2 show that the organic matter of Khoot coal characterizes with highest content of vitrinite and lowest content of inertinite, liptinite and minerals connected with coal organic mass. The degree of vitrinite reflectance (RV t =0.425%) was measured using an Axio Imager M2m microscope and Fossil software on 50 individual vitrinite macerals in random mode. This value 0.425% is characteristic for a sub-bituminous coal. Therefore the results of determined technical characteristics, elemental and maceral group composition, degree of vitrinite reflectance show that Khoot coal is a subbituminous coal which is suitable for thermal processing such as pyrolysis and thermolysis. The Khoot coal was pyrolized in a bigger scale retort at 550 -600 o С and determined the yield of pyrolysis products including hard residue, tar, pyrolytic water and gas (Table 3 ). The dates in Table 3 shown that 64.41% of organic mass of Khoot coal remained as a hard residue after pyrolysis. The yield of all liquid and gas products is 35.59% which is showing that there was an intensive thermolysis of the coal organic mass with higher degree of conversion. As it is known that the organic mass of lignite and subbituminous coal characterizes with lower thermal stability and therefore they are more suitable for gasification and liquefaction [7] . Also the thermolysis experiments of Khoot coal in the medium tetralin (hydrogen donor solvent ) have been carried out in a laboratory scale auvtoclav at 350 -450 o С and determined the yield of thermolysis products including hard residue, tar and gas (Table 4 ). The dates in Table 4 show that the yield of hard residue is decreasing intensively and the yield of thermolysis products (tar and gas) are increasing intensively by the increasing of heating temperature. A highest yield (60.79%) of tar and gas obtained by using of mass ratio between coal and tetralin 1:1.8 at 450 o C. At this condition 34.88% of organic mass of Khoot coal remained as a hard residue after thermolysis. The yield all liquid and gas products is 65.12% which is showing that there was also an intensive thermolysis of the coal organic mass with higher degree of conversion almost 2 times higher than that of pyrolysis. The next step of our work is to investigate the obtained hard and liquid products after pyrolysis and thermolysis. The results of determined technical characteristics of initial coal sample, hard residues after pyrolysis and thermolysis are given in Table 5 . The dates in Table 5 show that the yield of volatile matter of pyrolysis and thermolysis decreased 2.7 times in both case than that of initial coal sample. Also this is an indication for the intensive thermolysis of the coal organic mass. One of the most important application of the hard residue after thermal processing is to produce activated carbon. For this reason the hard residue after pyrolysis was activated by preheated water steam at 800 o С for 140 min, and determined the adsorption capacity of methylene blue and iodine of the obtained activated carbon sample of Khoot coal ( Table 6 ). The dates in Table 6 show that the the ability of iodine adsorption of activated carbon is increased 4.1 times and that of methylene blue is same of the hard residue before activation. It means that mainly micro and meso pores have been formed during the pyrolysis and activation of Khoot coal. To characterize the porosity structure of prepared activated carbon from pyrolysis hard residue in comparison with initial coal sample and thermolysis hard residue have used SEM analysis and the photographs are presented in Figure 3 . For the characterization of hard residue (C) after thermal dissolution have been carried out SEM analysis in comparison with that of initial coal sample (A), and it's activated carbon sample (B) and the photograph images are shown in Figure 3 .
As it seen from the SEM images of A, B, C samples the form or behavior of initial coal sample, carbonizedactivated carbon sample and hard residue after Figure  4 , -6. In the IR spectra of tar product after thermolysis in the presence of tetralin observed strong absorption bands for H of aromatic -CH group at 1590, 1480, 600 -700 cm -1 and for H of aliphatic -CH 3 ; -CH 2 and -CH groups at 2800-2920 and 1460 cm -1 and also for H of -OH and -NH groups at 3400 -3500 cm -1 . Therefore tar product of Khoot coal after thermolysis consists mainly aliphatic, aromatic and aromatic-aliphatic hydrocarbons. In the -120 ppm; aliphatic C of -CH, -CH 2 and -CH 3 groups at 60-70 ppm. In the 1 H NMR spectra of liquid tar product after thermolysis in the presence of tetralin observed strong absorption bands for H of aromatic -CH group at 7 ppm and for H of aliphatic -CH 3 ; -CH 2 and -CH groups at 1-3 ppm. The 
